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ATM ACCESS INTERFACE: HARDWARE 
BASED QUICK RESPONSE FLOW 

CONTROL 

TECHNICAL FIELD 

This invention relates to arrangements for controlling the 
How of data traffic betWeen users and a broad band data 
netWork. 

PROBLEM 

In a typical modern broad band data network, a plurality 
of users share a single high speed link to a broad band 
netWork, such as a broad band asynchronous transfer mode 
(ATM) netWork. Such netWork links are capable of accept 
ing data rates as high as, for example, 155 megabits per 
second. A data concentrator, sometimes referred to as an 
access interface, is use to connect the multiplicity of users to 
a single 155 megabit per second netWork link. It is Well 
knoWn that data traf?c is frequently very bursty, i.e., has 
very high data rate peaks Whose magnitude far exceeds the 
average data rate of a user. To effectively use the bandWidth 
of the netWork link many users must be connected, through 
the access interface, to the netWork link. The data rate of the 
link betWeen each user and the access interface can be as 
high as the data rate of the netWork link, 155 megabits per 
second, provided a means exists to handle periods of 
congestion, i.e., times When multiple users attempt to simul 
taneously send high bandWidths of data to the netWork for 
extended periods of time. 
A modern broad band data netWork must be capable of 

handling real time data that is delay sensitive such as data 
representing speech, as Well as data for Which delay, 
although undesirable, can be tolerated to a greater extent, 
such as FAX, Internet Web access , still video, and ?le 
system transfers. The method of handling periods of con 
gestion must not introduce excessive delay in delay sensitive 
data. 

The ATM standards provide a mechanism for limiting the 
How of data from the user into the ATM netWork. Each user 
continuously sends and receives a complete 155 megabits 
per second or other standard data rate. When the user is idle, 
i.e., has no data to send, all the cells sent to the netWork are 
idle cells; When the user is transmitting at peak capacity, all 
of the cells are active. Usually, only a moderate fraction of 
the cells, that are transmitted from any one user, are active. 
A How control mechanism for active cells transmitted to the 
netWork is provided by the standard through the use of 
tokens transmitted to the user via generic ?oW control (GFC) 
bits, sometimes referred to as the GFC ?eld, contained in the 
ATM header, of each transmitted cell. When the How control 
mechanism is invoked, a user may transmit an active cell 
only if that user has an available token. Tokens are trans 
mitted to users in cells received by the users; if the netWork 
cannot accept more than a certain rate of active cells, the 
netWork Will transmit to the user only enough tokens to 
alloW that many cells to be transmitted. 

A number of problems exist in the prior art. First, the 
mechanism for detecting that traf?c into the netWork should 
be throttled by limiting the number of tokens is sloW 
compared to the build up rate of bursty data traf?c. Second, 
although it is possible to give transmission priority to cells 
containing high priority data, such as data representing 
speech or control cells, When the cells arrive at an ATM 
interface, a large number of loW priority cells may already 
be in the pipeline and cause the high priority cells to be 
delayed; a problem knoW as “head of line blocking”. Both 
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of these problems can be overcome at the access interface by 
the use of very large multiple priority data buffers to store all 
data and grant it access according to priority, the dropping 
of data cells, and/or the use of traf?c projection algorithms 
that limit the aggregate of the peak traf?c rates from all the 
users or limit the number of users connected to an ATM 

access interface. Such solutions, hoWever, are undesirable 
and/or uneconomical. 

In summary, a problem in the prior art is that there is no 
satisfactory arrangement for responding rapidly to bursty 
data traf?c into the netWork by throttling that traffic before 
excessive queues are formed in the ATM access interface, 
and further for insuring the timely transmission of high 
priority data traf?c, such as data representing speech, or data 
demanding immediate delivery, such as a stock purchase or 
sale request. 

SOLUTION 

The above problems are solved, and an advance is made 
over the teachings of the prior art in accordance With our 
invention Wherein a ?rst-in-?rst-out (FIFO) queue is con 
nected to each user that is connected to the ATM access 
interface, and Wherein a token is returned to that user only 
if its FIFO has feWer than n cells, and Wherein the number 
of tokens that a user can accumulate is limited to In With 

this arrangement, if its FIFO is not being emptied rapidly 
enough, the supply of tokens available to the user connected 
to that FIFO Will be rapidly depleted. In Applicants’ pre 
ferred embodiment, n and m, each of Which can be set 
independently, are limited to either one or tWo. 
Advantageously, this alloWs for a very rapid detection of and 
response to overload. In Applicants’ preferred embodiment, 
electronic circuit means are used to detect Whether the FIFO 
contains more than n cells, and these circuit means are used 
to directly suspend the generation of further tokens by 
inserting the proper value in the standard ATM generic ?oW 
control (GFC) bits that are sent With each cell transmitted to 
the user. 

In accordance With one feature of Applicants’ invention, 
When a high priority cell, as de?ned by data in the GFC ?eld 
of the transmitted cell, is received at the ATM access 
interface, this cell is sent to a different FIFO, a FIFO for 
receiving and storing high priority cells. The high priority 
FIFO is given preferential treatment over other FIFOs either 
by being polled more often for transmission of a cell into the 
ATM netWork or by being given absolute preference over 
the other, loW priority, FIFOs. Only the loW priority FIFO is 
tested to detect Whether a token should be transmitted to the 
user. On the user side, high priority cells may be transmitted 
Without requiring a token. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of an ATM access interface 
illustrating the operation of Applicants’ invention. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram illustrating the operation of 
Applicants’ invention. A plurality of customer premise 
equipments (CPEs) 1, is connected through an ATM access 
interface 2 to a broad band ATM netWork 20. Each of the 
CPEs 1 transmits and receives at a full standard data rate, 
such as 155 megabits per second, transmitting or receiving 
idle cells Whenever there is no active data to be transmitted 
or received. The link 14 betWeen the CPE and the ATM 
access interface 2, sometimes referred to as the physical 
link, in this embodiment, is an optical link terminated at an 
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optical electrical (O/E) interface 3. Interface 3 converts 
betWeen the optical signals of the link and the electrical 
signals used Within the interface 2. Each O/E interface 3 is 
connected to a physical layer interface 4 for assembling 
ATM cells for delivery to FIFO unit 6, a high priority FIFO 
unit 15. The physical layer interface discards idle cells so 
they are not transmitted to the FIFO 6. In Applicants’ 
preferred embodiment, the physical layer unit (PHY) 4 
distinguishes betWeen high priority and ordinary cells, and 
sends the high priority cells to high priority FIFO 15. The 
outputs of each FIFO is connected via a polling device 9 to 
a UTOPIA bus 11. The polling devices 9 are controlled by 
polling control logic 10 Which receives inputs from all the 
FIFOs indicating Which FIFOs have cells available, and has 
outputs to all of the polling devices to select Which FIFO 
should transmit a cell to the UTOPIA bus 11. The UTOPIA 
bus 11 is connected through appropriate interface equipment 
(not shoWn, but Well knoWn in the prior art), to the broad 
band ATM netWork 20. Data received from the ATM net 
Work 20 is routed over a second UTOPIA bus 12 through the 
appropriate interface equipment (not shoWn) directly to the 
physical layer interface 4. The physical layer interface 4 
generates idle cells When there are no cells to be transmitted 
to the CPE 1. 

The physical layer interface 4 Writes the GFC ?eld into 
the ATM cells transmitted to the CPE, just prior to trans 
mission over the physical link. Therefore, there is less than 
a one cell delay betWeen the time When a neW GFC bit 
pattern is established and the time When cells With the neW 
bit pattern are transmitted out over the physical link. Hard 
Ware logic, such as programmed array logic unit 8 connected 
to FIFO 6 detects When FIFO 6 contains more than n cells. 
When more than n cells are detected in FIFO 6 by the 
hardWare logic unit 8, the same hardWare logic unit 8 
suspends the transmission of further tokens to the CPE by 
inserting the proper data into the GFC ?eld of the cells 
transmitted to CPE 1. This arrangement permits a very rapid 
response to the detection of overload; as soon as a FIFO is 
not emptied of all but n cells, the generation of neW tokens 
is suspended With a time delay of less than one cell. The CPE 
itself maintains only 1 or 2 tokens. In a 1 km long ?ber link 
operating at 155 megabit per second there may be up to 2 
tokens in transit to the CPE on the physical link betWeen the 
ATM access interface and the CPE and up to 2 cells in transit 
to the access interface on the physical link. For such a case, 
the net result is that the total number of tokens Which are 
available to the CPE in case of high overload is approxi 
mately 5 and the total number of cells to arrive at the FIFO 
after congestion is detected is approximately 7. If n is set to 
2 cells, each FIFO need only to have a depth of 9 cells, i.e., 
3816 bits. Each additional 1 km of ?ber in the link Will add 
an additional 4 cells to the FIFO depth requirement; 
hoWever, even a 5 km long physical link Will still require 
only a 17 cell, ie 7208 bit, FIFO depth. For a collection of 
100 links, 5 km long, operating at 155 megabit per second 
the total buffer needed is still less than 1 megabit. Note that 
in siZing the FIFO, the fact that data is being emptied from 
the FIFO during the time it is being ?lled has not been taken 
into account, so the buffer siZe represents an upper limit. 

The use of FIFO buffers introduces a delay or latency to 
the data transfer. To have an acceptable quality of service, 
the latency of voice traffic should be less than 2 milliseconds 
(msec) for connections Without echo cancellation and less 
than 90 msec for connections With echo cancellation. For an 
access interface that concentrates 50 links, 1 km long, 
running at 155 megabit per second, to a single 155 megabit 
per second link into the netWork, the access interface Will 
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4 
introduce a latency of 1.25 msec to voice traf?c under Worst 
case conditions if a single buffer is used for both high and 
loW priority traffic. (A 155 megabit per second link Will 
empty cells at a rate of 3.66><105 cells per second [1424 bits 
per cell]. Under Worst case conditions all 50 FIFOs Will be 
congested and contain 9 cells. To empty all 450 cells at 155 
megabits per second requires 1.25 msec.) Longer links 
betWeen the user and the access interface and/or higher 
degrees of concentration at the access interface Will result in 
the introduction of greater latency to voice traf?c When a 
single FIFO is used for both high and loW priority traf?c. 
When separate FIFOs are used for the high and loW priority 
traffic, the only factor that affects the latency of high priority 
traffic at the access interface is the degree of concentration 
for high priority traf?c, i.e., the rate at Which high priority 
cells arrive. The link length is no longer a concern; head of 
line blocking by loW priority cells is avoided by sending 
them to the loW priority FIFO until the GFC ?oW control 
mechanism can suspend their transmission. If absolute pref 
erence is given to the high priority FIFOs the number of cells 
in the loW priority FIFOs Will not affect the latency of high 
priority traf?c. A voice link Will typically transmit no more 
than 1 ATM cell every 0.5 msec (4 bytes of voice data per 
ATM cell) and often considerably less frequently. If a voice 
rate of 1 ATM cell every 0.5 msec is assumed, the access 
interface can concentrate up to 180 voice channels, of any 
link length, to a single 155 megabit per second netWork link, 
When both high and loW priority FIFOs are used. If more 
bytes of voice data are packed per ATM cell even greater 
degrees of concentration can be realiZed at the access 
interface. The use of the GFC ?eld to control the How of loW 
priority traf?c means that the loW priority cells sent to the 
access interface Will have a different GFC ?eld than the high 
priority cells; hence, a simple Way to separate the ATM cells 
betWeen the high and loW priority FIFO is by the value of the 
GFC ?eld. 

The above description is of one preferred embodiment of 
Applicants’ invention. Many other embodiments Will be 
apparent to those of ordinary skill in the art. The invention 
is only limited by the attached Claims. 
What is claimed is: 
1. An ATM access interface for interfacing betWeen a 

plurality of customer premise equipment (CPE) and an ATM 
netWork comprising: 

a physical layer interface for interfacing to the customer 
premise equipment; 

a FIFO connected to said physical interface for receiving 
cells from said physical interface; and 

a hardWare logic unit receiving an input from said FIFO 
and delivering a control signal to said physical inter 
face; 

said input from said FIFO representing a signal indicating 
Whether more than n cells are currently stored in said 

FIFO; 
said hardWare logic unit responsive to said signal from 

said FIFO for generating a control signal to cause said 
physical layer to insert the proper generic ?oW control 
bits into cells being transmitted from the physical 
netWork interface to the connected CPEs in order to 
suspend forming neW tokens at the connected CPE if 
more than n cells are currently stored in said FIFO; 

said CPE responsive to receipt of tokens to accumulate up 
to m tokens and to transmit only one accumulated cell 
for each token accumulated by a CPE. 

2. The apparatus of claim 1 further comprising a high 
priority FIFO; 
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wherein said physical layer unit detects high priority cells 
and transmits the high priority cells to said high priority 
FIFO; and 

said high priority FIFO is given preference over other 
normal priority FIFOs in being given access to said 5 
ATM netWork. 

3. The apparatus of claim 2 Wherein high priority cells 
have a GFC (Generic FloW Control) ?eld different from a 
GFC ?eld of loW priority cells; and 

6 
Wherein said physical layer unit detects a high priority cell 

by testing a GFC ?eld of an incoming cell. 
4. The apparatus of claim 1 Wherein said CPE’s transrnit 

accurnulated high priority cells Without requiring availabil 
ity of an accurnulated token. 

5. The apparatus of claim 1 Wherein 1 §n§2 and 1 érnéZ. 

* * * * * 


